This study compared the association between blood pressure (BP) and obesity in 1145 Chinese children and adolescents (608 males, 537 females) using data from the 2006 China Health and Nutrition Survey. Obesity was diagnosed by body mass index (BMI), waist circumference (WC) and waist-to-height ratio (WHtR). Analysis of variance was used to analyse the difference in BP among different subgroups. Odds ratios (OR) were calculated and multivariate logistic regression analysis was carried out. The prevalence of high systolic and diastolic BP increased directly with corresponding increments in BMI, WC and WHtR, although the prevalence and OR of high BP were higher when increased BMI was combined with WC (OR 3.39; 95% confidence interval [CI] 1.79, 6.41) or WHtR (OR 3.28; 95% CI 1.71, 6.30). In conclusion, increased BMI, WC and WHtR were directly associated with high BP in Chinese children and adolescents.
Introduction
The prevalence of overweight and obesity is increasing worldwide: globally there were at least 1.7 billion overweight and obese people in 2004, 1, 2 and the childhood obesity epidemic has now spread from developed to developing countries. 3 Worldwide, over 155 million school-age children (equivalent to 10% of 5 -17-year olds) are overweight or obese. 4 Longterm obesity is associated with the development of adult hypertension and carries with it a heightened risk of cardiovascular disease (CVD). 5, 6 Cross-sectional and longitudinal studies undertaken in different populations corroborate the relationship between obesity and the occurrence of Y-H Hu, KH Reilly, Y-J Liang et al.
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hypertension and cardiovascular events. 7 -9 Obese children have significantly higher blood pressure (BP) readings than those who are normal weight or underweight. 10 Obesityrelated hypertension has also become one of the most serious public health problems, particularly in developing countries. 11 China has a very high rate of hypertension, as demonstrated by the 2008 -2009 report on CVD, which estimated that 200 million people in China are hypertensive. 12 Waist circumference (WC), body mass index (BMI) and waist-to-height ratio (WHtR) may be used to evaluate overweight and obesity. It has been suggested that WC, BMI and WHtR are good indicators for BP, including in Chinese adults. 13 However, little is known about the use of these measures in children. Although some regional studies have investigated the relationships between these three indices and childhood BP, 14, 15 Chinese national data have not yet been used to examine such associations.
The present study used data from the 2006 China Health and Nutrition Survey (CHNS) to explore the association between different indices of overweight and obesity and the prevalence of hypertension in a population of Chinese children and adolescents, aged 7 -17 years, to determine whether the additional measurements of WC and WHtR are better than BMI alone to help identify the risk of hypertension.
Patients and methods

PATIENTS AND INCLUSION CRITERIA
Study data were drawn from the 2006 CHNS, which was a nationwide survey conducted in nine Chinese provinces (Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning and Shandong) that vary significantly in terms of geography, economic development and health status. A multistage, random-cluster process was used to draw the samples surveyed in each provinces. Counties in the nine provinces were stratified by income (low, middle and high) and a weightedsampling scheme was used to select randomly four counties in each province. The provincial capital and a lower-income city were selected where feasible, although large cities that were not provincial capitals had to be selected in two provinces. Villages and townships within the counties and urban/suburban neighbourhoods within the cities were selected randomly. Participants were considered eligible for study if they were 7 -17 years of age. Full details of the CHNS can be found at http://www.cpc.unc.edu/projects/china.
This study was conducted in accordance with internationally agreed ethical principles for the conduct of medical research, and was approved by the institutional review boards of both the University of North Carolina School of Public Health (Chapel Hill, North Carolina, USA) and the Institute of Nutrition and Food Safety at the Chinese Centre for Disease Control and Prevention (Beijing, China). Written informed consent was obtained from subjects who were surveyed from 2009 onwards; prior to that, verbal informed consent was obtained.
MEASUREMENTS
All data were collected following a welldeveloped protocol, described elsewhere. 16 Study participants were recruited by local outreach workers and health officials. Participants were told they had the right to refuse to answer any questions; they also underwent detailed physical examinations that included weight, height, WC and BP. The latter was measured at three different consecutive times on the same day, performed at 3 -5 min intervals. The Korotkoff phase 5 reflects the level of diastolic BP (DBP) in children and adolescents. Morphometric changes associated with hypertension
DEFINITIONS AND CRITERIA
The standard BMI screening cut-off point (in kg/m 2 ) for overweight and obese Chinese children aged 2 -18 years old was used. 17 Overweight children were defined as those who were ≥ 90th percentile (P 90 ) and < 95th percentile (P 95 ) of BMI for their specific age and gender. Obese children were defined as those who were ≥ P 95 of BMI for their specific age and gender. The optimal BMI threshold was set at P 90 of BMI for specific age and gender. Children were divided into normal weight (< P 90 ) and systemically overweight (including obese; ≥ P 90 ) groups. Standards for WC were used to determine normal and abdominal obesity based on published values. 18 Children with abdominal obesity were defined as those who were ≥ P 90 of WC for their specific age and gender. The optimal WC threshold was set at P 90 for specific age and gender. WHtR has also been proposed as a measure of abdominal adiposity. 19 Studies in adults and children have suggested a cut-off point of 0.5 (i.e. a waist measurement that is 50% of the height measurement) as a simple means of indicating whether the amount of central fat is excessive. 19 Hypertension was diagnosed according to the standard for Chinese children and adolescents, 20 which provides the sex, age, P 50 , P 90 , P 95 and P 99 percentile values. 20 For both systolic BP (SBP) and DBP, normal BP was considered to be < P 90 and 'high normal' BP was considered to be ≥ P 90 and < P 95 , with respect to specific reference age and gender values. Hypertension was classified as SBP and/or DBP ≥ P 95 of specific reference age and gender values.
QUALITY CONTROL
The design and implementation of the survey detailed the protocol for training the field staff for data collection and office staff for data entry, and how to check and clean the data. These procedures have become an established part of work in China after regional staff completed extended trips to the USA for training.
STATISTICAL ANALYSES
Data from the questionnaires and laboratory tests were entered into EpiData, version 3.1 (The EpiData Association, Odense, Denmark). All data were analysed using SAS ® statistical software, version 9.1 (SAS Institute Inc., Cary, NC, USA) for Windows ® . Associations in univariate analyses were investigated using the t-test and χ 2 -test. Analysis of variance (ANOVA) was used to analyse the difference in BP among the various subgroups. Odds ratios (OR) with 95% confidence intervals (CI) were calculated with multivariate logistic regression. Wilcoxon's non-parametric test was used to examine the association for continuous data that were not normally distributed. A P-value < 0.05 was considered to be statistically significant.
Results
The study data were drawn from the 2006 CHNS, which included 216 primary sampling units: 36 urban neighbourhoods, 36 suburban neighbourhoods, 36 towns and 108 villages. The total number of children who participated in the survey was 1145 (608 males, 537 females). Table 1 presents the baseline clinical characteristics and body indices of participants. The age composition of male and female groups was similar, although height and weight were both significantly greater in males versus females (P < 0.034 and P < 0.005 respectively). The WC and WHtR values for males were significantly larger than for females (both comparisons P < 0.001). There was no significant difference Morphometric changes associated with hypertension 20 BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; NS, not statistically significant (P > 0.05).
TABLE 1: Baseline clinical characteristics and body indices of Chinese children aged 7 -17 years who participated in the China Health and
Nutrition Survey and were included in the present study, which analysed morphometric changes associated with hypertension Morphometric changes associated with hypertension in BMI, SBP and DBP between males and females. The prevalence of abdominal obesity (diagnosed by WHtR) in males was significantly higher than in females (P < 0.001). There were no significant differences in the prevalence of being overweight (diagnosed by BMI), abdominal obesity (diagnosed by WC) and hypertension between the sexes. Table 2 presents data comparing the BP levels among various subgroups of children based on different morphometric indices. When BMI, WC and WHtR were used to diagnose overweight or obese children separately, both SBP and DBP in the overweight group were significantly higher than BP levels in the normal weight group (all P < 0.01). When BMI and WC were combined, the level of BP in the overweight group with WC < P 90 was similar to the level observed in the group with normal weight with WC < P 90 . BP levels in the group of normal weight children with WC ≥ P 90 and in the group of overweight children with WC ≥ P 90 were significantly higher than those of normal weight children with WC < P 90 (P < 0.01). When BMI and WHtR were combined, the BP levels in the overweight group with WHtR < 0.5 and in the group of normal weight with WHtR ≥ 0.5 were similar to those 
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of normal weight with WHtR < 0.5. The BP levels in the overweight group with WHtR ≥ 0.5 were significantly higher than those of normal weight with WHtR < 0.5 (P < 0.01). 
Discussion
In China, the prevalence of overweight and obese schoolchildren and adolescents increased from 5.7% in 1997 to 10.5% in 2004. 21 The overall prevalence of obesity diagnosed by BMI in the present study (18.0%) was higher than previously reported results. These earlier studies used the International Obesity Task Force 22 age-and sex-specific BMI cut-offs to categorize being overweight, which may explain the lower estimates of the prevalence of childhood obesity reported. Using national-level data, with diagnosis based on BMI, WC and WHtR (18.0%, 9.5% and 9.3%, respectively), the obesity ratio in children and adolescents in the present study was lower than that in a study undertaken in Beijing (30.6%). 23 Differences in prevalence could be explained by regional variations: a study of two Mexican populations showed that different regions have different habits, diet, physical activity patterns and rates of child and adolescent development. 24 Beijing is a prosperous city, whereas the current study represented China across a national level.
Obesity has been defined using varying indices that usually including BMI, WC and WHtR. In this cross-sectional study, these three obesity indices were compared with respect to their association with high BP in children and adolescents. The present study found that the differences between the normal and obese groups for SBP and DBP based on BMI, WC and WHtR were statistically significant. This demonstrated that these three indices were associated with BP levels. Results from the ANOVA also indicated that when BMI, WC and WHtR were combined, overweight and obese children and adolescents had a higher mean BP than those of normal weight. A high prevalence of hypertension was found in the overweight and obese group and these results were consistent with other studies. 14, 23 Obesity could raise BP by altering cardiac output, cardiac systolic and diastolic function and renal-pressure natriuresis. 25 After controlling for age and sex, using BMI to assess overweight or obese individuals and using WC or WHtR to assess abdominal obesity, obese children and adolescents have been found to be at an increased risk of hypertension. For example, a Portuguese study found an association between hypertension development in children and adolescents between 10 and 16 years of age, when considering overweight and obesity together (OR 1.5; P < 0.05). 5 The present study reflected a higher elevated BP among Chinese children and adolescents who remained overweight or Morphometric changes associated with hypertension .46) during the study period than that reported in the Portuguese study. 5 An Italian study found that, among children between 6 and 11 years of age, being overweight or obese was associated with elevated BP. 26 There are two possible reasons for differences among international studies. BMI standards and categorizations vary between countries, and the ethnicities of study subjects can be highly variable. 22, 27 The American Heart Association recommends that WC is measured as an indicator of metabolic syndrome in children. 28 In the present study, which included Chinese children and adolescents, WC was verified as closely related to high BP (OR 2.42; 95% CI 1.43, 4.09). Non-Chinese studies have found that WHtR is closely associated with intra-abdominal fat 29 and that WHtR is considered to be a better predictor of cardiovascular health, compared with BMI. 30 The present study found that both WHtR and BMI may equally forecast high BP among children and adolescents. Because measurement methods and definitions of BP vary, differences have been observed in reported prevalence and risk estimates. 20 The conclusions from the present study were the same as those for a study of multiethnic children and adolescents, which found that children with WHtR ≥ 0.5 were more likely to have high SBP and/or DBP than children with WHtR < 0.5. 19 A diagnosis of overweight including obesity in the present study, using a combination of BMI and WC, had the strongest association with hypertension (OR 3.39; 95% CI 1.79, 6.41). The Working Group of China Obesity Task Force claims that, among Chinese adults, abdominal fat accumulation is an independent risk factor for CVD, and that there are serious health hazards associated with abdominal fat. 31 In China, using combined WC and BMI to diagnose obesity has been found to be a better predictor of chronic diseases. 32 Considering the evidence from epidemiological data and the simplicity of these diagnostic methods, the US National Institutes of Health (NIH) Clinical Guidelines recommend the measurement of WC within BMI categories as a screening tool for increased cardiovascular risk (evidence category C). 33 Community organizations, schools and parents should pay close attention to the problem of obesity in children and adolescents, especially abdominal obesity.
Children's health education should be further developed to address these issues. Lifestyle improvements -including changes in dietary habits at home and in the food available in schools, improvements to exercise programmes in schools and reducing the time that children spend in sedentary behaviours such as watching television, playing electronic games and using the computer -are simple actions that could protect the health of young people. 24 It is important to prevent children from becoming overweight and obese in order to avoid CVD or reduce its incidence. In overweight and obese children, periodic BP checks can also be carried out at an early stage, to prevent CVD.
The present study was subject to several limitations. This was a cross-sectional study and associations cannot be interpreted as causal. The data did, however, confirm previous findings which showed that higher levels of BMI, WC and WHtR were associated with an unfavourable risk profile for hypertension. Longitudinal studies that explore risk factors for hypertension and analyse changes over time are needed. WC and WHtR are conventional methods for evaluating abdominal obesity, but a gold standard is still needed for evaluating obesity in children. In the present study, the sample size was small and larger studies in China are needed to explore these associations further.
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The present study further highlights that BMI, WC and WHtR are associated with BP levels in children and adolescents, and suggests that the preferred measures of obesity to predict hypertension risk are, first, to combine BMI with WC and, secondly, to combine BMI with WHtR.
